The Dof family (DNA-binding with One Finger) is a group of transcription factors that are involved in a variety of functions of importance for different biological processes in plants, such as plant growth, development and response to biotic and abiotic stresses. The Dof genes have been identified and characterized in many plant species, but so far there is no information about these genes in coffee species. In the present study, we identified 24 Dof members in Coffea canephora using the Coffee Genome Hub database. Systematic bioinformatics analyses were performed to characterize all CcDof genes, including complete genome sequence, conserved protein domains, subcellular locations, phylogenetic relationships and gene expression profiles in different tissues. The results obtained here provide new insights into the CcDof gene family, allowing the design of future experiments for the molecular characterization of these genes in coffee plants. Key words: Bioinformatics; C. canephora; Dof; transcription factor.
IN SILICO ANALYSIS OF THE Dof TRANSCRIPTION FACTOR FAMILY IN Coffea canephora

INTRODUCTION
The Dof proteins are a family of plant-specific transcription factors (TFs) that play a variety of biological processes, such as biotic and abiotic stresses, seed germination, photosynthesis, secondary metabolic regulation, growth and development (GUPTA et al., 2015; YANG et al., 2018) . The conserved Dof domain is formed by 52 amino acid residues is located at the N-terminal region and characterized by the presence of four cysteine residues (C: CX 2 CX 21 CX 2 C) which bind covalently to a zinc atom (Zn 2+ ) forming a finger-like structure (DNA binding with One Finger) (Figure 1 ). Gupta et al. (2015) .
The Dof TF proteins, in addition to the DNA-binding domain, also contain a bipartite nuclear localization signal (NLS) that overlaps the conserved Dof DNA-binding domain (KREBS et al., 2010) . The first report on the identification and characterization of the Dof gene was in Zea mays SHEEN, 1998) .
Based on bioinformatics analysis generated by the large-scale sequencing genome projects, numerous studies were able to identify families of genes encoding the Dof transcription factors in different plant species: Ricinus communis (JIN; LIU, 2014), Chinese cabbage (MA et al., 2015) , Cajanus cajan (MALVIYA et al., 2015) , Medicago truncatula (SHU et al., 2015) , Sorghum bicolor (GUPTA et al., 2016) , Capsicum annuum , Phaseolus vulgaris (ITO et al., 2017) , Setaria italica (ZHANG et al., 2017a) , Prunus persica (CHEN et al., 2017) , Jatropha curcas , Ananas comosus (AZAM et al., 2018) , E. coracana (GUPTA et al., 2018) and Gossypium hirsutum . In this sense, the scope of this study was to identify and characterize the C. canephora Dof family based on information available at the Coffee Genome Hub, an integrated web-based database resource developed by IRD and Cirad (http://coffee-genome.org/). This study provides valuable information about candidate genes for future functional analysis for understanding the potential mechanisms of CcDof genes in this important coffee species.
MATERIAL AND METHODS Identification and characterization of the Dof genes in C. canephora
From searches in the C. canephora database available at the Coffee Genome Hub website (http://coffee-genome.org/; DENOUED et al., 2014) were found 24 sequences referring to the keyword Dof. In order to verify if the identified sequences showed similarity with Dof genes of other organisms, each putative CcDof gene had its sequence individually confronted with the sequences deposited in the NCBI database (BlastX and BlastP; ALTSHUL et al., 1997) . Additionally, the physico-chemical characteristics of Dof proteins, such as molecular weight (Mw) and isoelectric point (pI), were calculated using the ExPASy -Compute pI/Mw tool (https://web.expasy.org/compute_pi/). In silico analysis for the subcellular location, the Plant-mPLoc (http://www.csbio.sjtu.edu.cn/bioinf/plantmulti/; CHOU; SHEN, 2010) algorithms with default parameters were used. In addition, the hydrophilic/hydrophobic property index of all Dof protein sequences was performed through the GRAVY calculator program.
Chromosomal location
and exon/intron structure of CcDof genes All CcDof genes identified in the C. canephora genome were physically mapped in the chromosomes through the MapChart software (VORORIPS, 2002) , according to their genome coordinates. The exon/intron structures of CcDof genes were generated by Gene Structure Display Server software (GSDS; http://gsds.cbi.pku.edu.cn/; HU et al., 2015) through a comparison of the predicted coding sequence (CDS) with their corresponding genomic DNA sequences (DENOUED et al., 2014) .
Sequence alignment, phylogenetic analysis and classification of CcDof genes
Multiple sequence alignment of the identified CcDof protein sequences was performed using the CLC Main Workbench 8.0 program through the tool ClustalW, in order to identify the regions containing the characteristic domain of the Dof family ( Figure 4 ). Next, phylogenetic trees were generated with MEGA 7 software by using the Neighbor-Joining method, p-distance substitution model, pairwise deletion analysis. The reliability of the trees was assessed by the bootstrap method and branches of less than 50% bootstrap support (1000 replicates) were collapsed.
Conserved motif analysis
The prediction of the conserved Dof motifs of the putative proteins was performed by using the Multiple EM for Motif Elicitation (MEME; http://meme.ebi.edu.au/meme/intro.html; BAILEY et al., 2009), using the same parameters: motif length set to 6 -100, motif sites set to 2 -120, and maximum number of motifs set to 20, respectively.
Expression of the Dof gene in different tissues
The tissue-specific expression patterns of the different members of the Dof gene family in C. canephora was determined by employing the transcriptional profiles obtained by RNA sequencing (RNAseq) from root, stamen, pistil, leaf, perisperm and endosperm libraries (DENOUED et al., 2014) . The RPKM (Reads Per Kilobase per Million mapped reads) values of each putative gene from each library were displayed in Heatmap format to infer the transcriptional profiles in the respective tissues of C. canephora plants.
RESULTS AND DISCUSSION
Dof (DNA-binding with one finger) domain proteins constitutes an important family of TFs that are associated to the regulatory network of various developmenta processes in plants (SILVA et al., 2016; KANG et al., 2016; CORRALES et al., 2017) . As has been shown in the literature, the number of Dof genes described and characterized are variable among plant species: S. tuberosum (35), Chrysanthemum morifolium (20) PARK, 2015; SONG et al., 2016; ITO et al., 2017 , ZHANG et al., 2017a AZAM et al.; 2018 , ZHANG et al., 2017b XU et al., 2018) , respectively. In this study, we were able to identify 24 CcDof genes within the C. canephora genome database (DENOUED et al., 2014) , which were named (CcDof1 through CcDof24) in descending order according to their position within the C. canephora chromossomes (Table 1) .
Detailed information on the physicochemical characteristics of CcDof proteins is shown in Table 1 . The deduced size of the amino acid sequences of the CcDof proteins ranged from 167 to 513 aa, the theoretical isoelectric point (pI) from 4.24 to 10.13 and the molecular weight (Mw) of from 14289.36 to 49223.78 Mw. The 24 CcDof genes were unevenly distributed in almost all 11 chromosomes of C. canephora, with the exception of chromossomes 3, 5 and 9 ( Figure 2 ). Chromosomes 2, the larger C. canephora chromosome (55 Mb), contained the highest number of Dof genes (6) (Figure 2 ). For comparison's sake, the 34 Dofs genes in S. lycopersicum were identified and distributed in 12 chromosomes, with the exception of chromosomes 7 and 12 (CAI et al., 2013) , while in A. comosus, Azam et al. (2018) the identified 26 Dofs genes were mapped on all the 25 chromosomes of that species. According to Koralewski and Krutovsky (2011) , the structural and exon/intron organization can be used for examining the evolutionary relationships among genes or organisms. As commonly reported (KUSHWAHA et al., 2011; CHEN et al., 2017; ZHANG et al., 2017b) , the distribution of intron in Dof genes is variable among plant species. In C. canephora, the exon/intron analysis depicted that the number of introns in the open reading frames (ORFs) varied from 0 to 5, with CcDof19 presenting a maximum of 5 introns (Figure 3 ). The fact that CcDof genes presents on average less introns than other genes makes them more sensitive to transcriptional regulation, which suggests that they may trigger diverse biological processes in the plant (JIN et al., 2014) . As mentioned earlier, the Dof TF family is characterized by having the conserved N-terminal DNA-binding domain (CX 2 CX 21 CX 2 C) (YANAGISAWA, 1995; 1997) . The multiple sequence alignment of the CcDof proteins revealed the typical presence of amino acid residues at the the Zinc-finger domain (Figure 4 ), similarly to that described for other plant species, such as banana (DONG et al., 2016) , moso bamboo (WANG et al., 2016) and apple (ZHANG et al., 2017b) . It is well known that classificaton of genes and phylogeny are important to the functional analysis and to understand the evolutionary history of a particular gene family. The phylogenetic tree topology allowed to classify the CcDofs into 6 groups (groups I-VII). Each group was composed of a varied number of Dof genes (2 to 8 members) with a bootstrap value relatively high for each subgroup, indicating the relatedness of the Dof genes within each group ( Figure 5 ). In Ricinus communis Dof FTs were clustered in four groups, which could be divided into seven subgroups (JIN et al., 2014) , while Wei et al. (2018) divided the Dof TFs of eggplant in 4 groups and 9 subgroups.
Using bioinformatics tools is possible to identify sequence Motifs, which represent highly conserved regions (functional regions) sharing the same function and, probably, having a common origen (GIBAS et al., 2001) . A total of 24 conserved motifs have been identified in the CcDof proteins ( Figure 5 ). The motif 1 (EQALKCPRCDSTNTKFCYYNNYSLQPRHFCKTCRRY WTKGGTLRNVPVGGGSRKNK) was confirmed as the conserved Dof domain in almost all sequences of the CcDof proteins ( Figure 5 ). Figure 5 . Phylogenetic tree constructed from the alignment of the 24 CcDof proteins. The sequences were aligned using ClustalW at MEGA 7.0 software and the phylogenetic tree was constructed by NeighborJoining method. Different color boxes distinguish the groups. The motif analysis was performed using MEME tool and the motifs are indicated by different-colored boxes.
Another phylogenetic tree was constructed including 36 AtDof sequences from Arabidopsis aiming at clustering the CcDofs according the classification proposed by Lijavetzky et al. (2003) (Figure 6 ), where Dof proteins were grouped into four major clusters (A, B, C and D) and eight subclusters designated as B1, B2, C1, C2.1, C2.2, C3, D1 and D2. A. thaliana protein sequences were aligned using ClustalW at MEGA 7.0 software and the phylogenetic tree was constructed by Neighbor-Joining method.
The groups B and C had the largest number of CcDofs, with 7 and 9 genes respectively, while group A represents the smallest clade with only 2 members (CcDof9 and 10) (Figure 6 ). The subgroup C3, which was originally identified in Arabidopsis (AtDofs 22, 23, 24, 25 and 26) , do not possess any CcDof ( Figure  6 ). Our results corroborate with earlier studies studies that demonstrated that this subgroup is found only in a few species, such as in cruciferous plants, with no apparent homologues observed in important crops as rice, tomato, chinese cabbage and banana (LIJAVETZKY; CARBONERO; 2003; CAI et al., 2013; MA et al., 2015; FENG et al., 2016) .
Recently, Denoued et al. (2014) provided the complete sequence of the genome of C. canephora, a perennial diploid species (2n = 2x = 22 chromosomes), also known as Robusta. In the scope of that same project, the RNA-seq data of various coffee cDNA libraries (roots, stamen, pistil, leaves, perisperm and endosperm) were made available at the Coffee Genome Hub platform (http://coffee-genome.org/). Using the RPKM data, we investigated the expression patterns of the 24 CcDof genes in those different tissues of C. canephora (Figure 7 ). The heat map generated for in silico expression profiling showed differential transcript abundance of the CcDof genes in all libraries ( Figure 7 ). For example, were able to identify 14 CcDof genes (CcDof1, 2, 3, 4, 6, 8, 9, 10, 12, 13, 14, 15, 21 and 24) abundantly expressed in roots. A large number of CcDof genes were also expressed in leaf tissues (CcDof1, 2, 3, 4, 6, 9, 10, 11, 12, 13, 15 and 24) . Similarly to our findings, Xu et al. (2018) , analyzing the expression patterns of Dof genes in Boehmeria nivea, observed that many of these genes were highly expressed in roots and leaves. In potato, an expressive number of StDof genes (StDof15a, StDof22, StDof24, StDof26, StDof29a, StDof32 and StDof34) showed maximum expression levels in the leaf tissues (VENKATESH; PARK, 2015) . Also, specific expression of Dof genes in root, leaf and petiole tissues of Daucus carota was observed by Huang et al. (2016) .
On the other hand, only 6 (CcDof1, 2, 5, 9, 10 and 19) and 3 (CcDof1, 12 and 15) CcDofs were highly expressed in the perisperm and in the endosperm, respectively. Particularly regarding the reproductive organs, the Dof family genes were more highly expressed in the pistils, as the cDNA library from stamen tissues showed lower number of transcripts of the majority of the identified CcDof genes (Figure 7 ). It is also worth mentioning that some CcDof genes (e.g. CcDof1, 2, 10, 12 and 15) were ubiquitously expressed in the various coffee tissues. Finally, here we have also shown that the CcDof genes under investigations clustered together based on their expression in different tissues, which clearly indicates that they are involved in diverse physiological functions in C. canephora.
CONCLUSIONS
This study is the first to present data on in silico identification and analysis of C. canephora Dof family genes. A total of 24 CcDof members have been identified and were classified into seven phylogenetically related groups. Also, we conducted a detailed analysis regarding their gene structures, protein motifs and chromosome distribution. A heat map analysis of the CcDof genes revealed that they are primarily expressed in root and leaf tissues. Finally, further deep studies for evaluation of the mechanism affected by the CcDof gene may help to devise new strategies and biotechnological applications for C. canephora plants.
